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AT, TFEREICHT AR TEBIREE VAT L0700 by 78 7 Gk EES <R - BER

XNTATTYOFEF EEL, AMITEMIZREE U 2T M AIAR A HEZ: Grasp, In—hand manipulation,
Compliant manipulation (ZXIFT 2EMWET Y S5 4 7 DEH L, OV I T 4 T AF/NOFEEHEH ICHOWNTHR
NRTCND ., RIS 8 b7 s,

B TFam ik, RO RE LT, FEATR Y MBI 2IHANREER Lo oEEM: L e
DEAIT L D A NVERONIES 2R CTNWDE, Z LT, RIRRE L TEELSKREZE LY 2 T) 2T 4 7124
BILCETY 2T 0 716t L CHAATRE /R A S L 228 SELFERD DD, RMEHEEICE U TREMICA
XNFNFEEZ L TEBYEIEDOIRNDPA LD LW BEEZEHR L TS, ZORMEERRTE 8L LT, 8fF
A B~ DBEMREDO L OBENLELNDE Ny T X U U mi#E A CRBNICEET Y 27 4 7 &2H
HT 2058 Ch D NMTTENE SR S-S (Learning—from—-Observation, LfO)NfF(ET DM, ZILETDEL L OHFTE
TIEIHREABELTAY I T 7R EH L TWEZ &L TS, 20 L0 2 FEREICHLET 57~
DIZ, KX TIHLIO THLNTE L by 7 U VHFRIZE SN T, FENEE CTHEMBITHEE CTH 5 Grasp,
In-hand manipulation, Compliant manipulation 7"V X7 ¢ 7IZEHSE L, FERED X 5 7RI E(LERE
THEAHARER 7Y 2T 4 T ARILOEEZITH 2L 2RI TN 5.

o TRAMERTSE) TiE, FERSE(LBRBEICIIT D X X /VEEIC BT 5 B e 28 L, T D%, Grasp, In-
hand manipulation, Compliant manipulation ®ZNENOEMEICK LT, (1) FENEEIZBWTHELZTY
2T 4 T OEPRINFEETH D0y, (2) FEELEREICB W CTHAIAATEER A XL TH D0 L) ZOOHEN D
B A F & I T3,

HIFE by TPH UV H#ICE < aRy NAXALT AT T Y ORGFIORE] TIE, ARXOERLEETOT T
2 —FNZONWTIHERTNE. T U IT 4 T AFVOFEEFHTITTY 37 4 THNOBER > ILEERIZER
L72gR 5t 2179 2 & CHME LB L EMATRER A X L OEE 21T Z L 2T 5. EBbIT, KR
TRETDAXNT AT TV % L0 VAT AANHAIAATE L AT DBEBIZONTHIRR TN B,

H A [Grasp IZBETD2AXNT AT T U OKGEH T, FENEEIZBT DTV I T 4 7 LZ20EEF
BEERELTWS, £, BEOABOESHE nR v FOHESBEA LT 22 L THONTFE WS #E
RTaARy MR Z 3 L7 Force—exertion type 2R LTV 5. KIZ, ERHIEALSIZ X > TRESIT 5
NBHEWH ZEnD, BEMEMEICET MR AV I T 7 AFLOEEEREL VD, 2
2 b—3 3 U EEBERICEN T, MIIROMERECHIR, 7T a—F HEE X IZBEORIEERE L.
ERETIE, ASNEEOMKROFT CHEHOMKRTIL S BIETORITT, £V O TIL 5 BF 4 B THEHI K
MWTEDHZLHZBRTWD, Fiz, LIO VAT A EMAEDEDZ & T, MIRBEOEWVEZR< &)t~
U7 ¢ TERBMEREENARRIC R D Z 2R LTINS, SHIC, BEAFIANEY 2—/L & L THAA
HFARETH Y, MOkk~x REEICH L TCOLHAIHFETH L Z L 2R L T 5.

% 5% [In-hand manipulation |ZBH$ 2D AXL T4 7T VDG TIE, HF7)IT 0 70OEBEITY
¥ @ in-hand manipulation (ZXf4 27V X7 4 7 L ZFOFE FIELZRE L TWD. £7, SEAREERICED
KTV IT 47 APriCol) ZEA L TWA. APriCoT T 572012, £THVELEMIRELFIZEL, i
DOEBBEELE L TWD. FEBRTIL, active—force closure THEZTHATIIRAEN LML, HEYREEEIET
active—force closure THEMHATIRIE TR T T2 8EZ XI5 L LT, BEFIISE & ORI RE FIEORTE
EHELTWD., BEHFEFETIIHSRREITIFE TERWVW—FT, METFETHFETCEIZLE2RLTNS.
72, WKOABLEBCIR 22 S T2BIT 92, 0% DR THEN A RETH D = L 2R LTV 5.

% 6 3 [Compliant manipulation ICEHTAAXN T4 7TV DEEE] Tl, BEFEOWERRIZE SV
compliant manipulation O FEIZIESNT T Y I 74 TREE L, 7V I7 4 7ICE ENLBEHEEEICHFA
AHEZR A% /L (Constraint—aware policy) ZHER L T\ 5. AFLEH OB, MK EICESWTREF SN2
BRBE & IR EH 2 WG 2 IRE L QWD ARERSUTIH, WIRBIRDS Prismatic FIBRDEE & Revolute
WRDOBAITKT L THEEBFHZ LTS, I alb—rar EEBEFERICBWTTY 257 4 THOSEER
WX T D IRBEAXNV OB ETHEL, BRHAATREEZRIEL TS, Y Ialb— a3 VERTIE, SIEHL
BAF, #iBl&, ¥eplx, R7B, ~o FARLICKH LT I3 EOBITETTRIIT S 2 L 2MR LTS, £
7o, FEHEERCIIIIEHULBITICE > TAFLOD sim2real PEREATEZR L TRV, 10 [ 7 [R5 L&
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This paper aims to design a skill library for Learning—from—Observation (LfO) in household robots
capable of performing domestic tasks that involve dexterous manipulation using both the hand and
arm. Among such manipulations, we specifically focus on Grasp, In—hand manipulation, and Compliant
manipulation. To enable household robots to perform domestic tasks, it is crucial to design a skill
library composed of motion primitives that are both suitable for household environments and reusable
in unstructured environments. However, previous research has not designed such a required library

To address this issue, this paper proposes designing a skill library based on top—down knowledge,
such as the underlying intent of movements and the commonalities among different manipulations
Based on the knowledge, previous studies have shown that tasks requiring Grasp, In—hand manipulation
and Compliant manipulation can be classified into several motion primitives. In this paper, we
leverage such top—down knowledge from prior research to reclassify domestic tasks and derive motion
primitives. The skill library is then constructed from skills learned for each motion primitive
These skills are acquired through deep reinforcement learning. By designing skills based on common
elements within each primitive, we ensure their reusability across a diverse set of actions within
the primitive

By integrating the proposed skill library with Learning—from—Observation, a type of task planner
we demonstrate that tasks requiring the appropriate selection of primitives in consideration of
subsequent skills can be successfully executed. Additionally, experiments using both simulations
and real robots validate the reusability of the learned skills

The advantage of designing a skill library based on top—down knowledge is that skills can be
developed based on shared characteristics within a primitive, allowing for the learning of
generalized skills applicable to multiple actions within the primitive. The actions involved in
domestic tasks can be classified into a finite number of primitives. Consequently, by learning
skills for each primitive based on top—down knowledge, it becomes possible to achieve an infinite
variety of actions using only a finite number of skills. Furthermore, the reusability of these
skills enables them to be integrated into a system as modular components. When multiple reusable
modules exist, various tasks can be executed by combining them. This approach allows robots to
perform unknown tasks without the need for relearning, even if the target tasks change. This thesis
represents a first step toward realizing such a generalized skill library
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